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The Two Hundred and Sixtieth Ordinary Greneral Meeting of the
Institution was held at the Institution of Civil Engineers,
25, Great George Street, Westminster, on Thursday evening,
February 22nd, 1894—Mr. ALEXANDER SIEMENS, President,
in the Chair.

The minutes of the Ordinary General Meeting of February
8th were read and approved.

The names of new candidates for election into the Institution
were announced and ordered to be suspended.

The following transfers were announced as having been
approved by the Council:—

From the class of Students to that of Associates—

John K. Dick.
Wilfred H. Everett.
James Hermann Field.

Albert Edward Frimstone.
Henry Home.
Arthur T. Smith.

Percy M. Williamson.

Mr. H. C. Haycraft and Mr. H. E. Mitchell were appointed
scrutineers of the ballot.

The PEESIDENT : I will now call upon Mr. Kapp to read his
paper.

ON METHODS OF TESTING THE MAGNETIC QUALITIES
OF IRON.

By GISBERT KAPP, M. Inst. C.E., Member.

The industry generally comprised under the term " heavy Mr. Kapp.
" electrical engineering " has of late years made such rapid progress
that the question as to the kind of materials to be used has
become of great importance. As regards the copper wire required
in the construction of electrical machinery, certain standards
regarding the size and conductivity have from the very first been
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Mr Kapp. adopted. The metal of commutator plates, size of wearing-
surface, type and number of brushes, dimensions of resistance
coils, and other purely electrical parts of the machinery, have also,
as a rule, been specified j but as regards the iron used no attempt
was at first made to define it by specification. Makers of
dynamos, for instance, broadly distinguished between cast-iron and
wrought-iron field magnets, and got out their designs with
reference to the magnetic properties each of these two kinds
of iron was assumed to possess; but there was no certainty that
the iron obtained did actually possess these properties. If the
machines turned out according to design, well and good; if not,
then the speed or excitation had to be altered so as to get the
output right. This was the old and unscientific method of
building electrical machinery. The modern method is very
different, and far more certain. The manufacturer of a dynamo
knows exactly what kind of iron he is using, and he is thus able
to predetermine the performance of the machine with a degree
of accuracy which formerly was impossible. This is especially of
importance in large machines, as experimental runs to determine
the characteristic at full load are not easily made, and are always
expensive. In such cases it is preferable to cut a sample from
the magnets, test it magnetically, and use the results of this test
in designing the winding.

In some cases it is not even necessary to cut off samples and
test them, as the manufacturers of forgings and castings for
magnets offer now to supply these so as to conform to a certain
magnetic standard, commonly defined by means of a curve in
which the abscissae represent magnetising force and the
ordinates induction. Provided, thenj the iron maker supplies
exactly the material which he has promised, the winding of the
machine can be designed without any preliminary experimenting.
Iron makers are now keenly alive to the importance of this
subject, and produce most excellent material. The testing of
iron plates intended for use in alternators and transformers is
another of those questions which had to be faced by manufacturers
who wished to attain perfection in their work. As regards
transformers, it will probably be admitted by all that the quality
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of the iron is the most important factor in the whole design. To Mr- KapP-
make a good dynamo with inferior iron is still possible ; we need
only use enough of it, and spend enough money on the copper to
make up for the deficiency in the iron. With transformers this
cannot be done. If the iron is bad, no increase in its bulk,
and no amount of money we may spend on copper, will enable us
to turn out a good transformer. The important point with
transformer plates is not the higher or lower permeability, but
the waste of power by hysteresis and eddy-currents; although to a
•certain extent the two go together, in the sense that a very soft
iron having high permeability also has, as a rule, a small hysteresis
loss. Plate makers, recognising the importance of small
hysteresis, now offer their material with a guarantee that the loss
with a given induction and frequency shall not exceed a certain
amount per pound.

Admitting, then, the necessity for magnetic tests of iron, the
question as to method arises. There can be no doubt that the
methods adopted by Dr. Hopkinson and Professor Ewing in their
classical researches give the most accurate results; but the very ,
perfection of these methods forms a drawback to their adoption in
engineering works where highly trained experimenters cannot be
found. I have therefore adopted other methods, which do not
aim at absolute accuracy, but which can be used by any one of
the staff generally found in the test room of electrical engineering
works. The apparatus required is on the table, and I venture to
bring it before you because it has been in use for some years, and
has given results which were always found sufficiently accurate
for all practical purposes.

It will be convenient to divide the subject into two parts—
one dealing with the testing of magnet iron, and the other with
the testing of transformer plates.

TESTING MACHINE FOR IRON BARS.

This is shown in Fig. 1 to a scale of 4 inches to the foot. For the
principle on which it is based I am indebted to a little instrument
devised some four years ago by Professor Silvanus Thompson,
and called by him a "permeameter." In it the induction through
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Mr. Kapp.
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the sample bar is mea-
sured by the force re-
quired to pull the bar
away from another piece
of iron; and, as the in-
duction is proportional
to the square root of this
force, it is clear that any
small error in the mea-
surement of this force
results in a still smaller
error in the determina-
tion of the induction.
Thus, if his spring balance
were wrong by 2 percent.,
the error in estimating
the induction would only
be 1 per cent. So far,
then, as the determina-
tion of B was concerned,
the permeameter ap-
peared to be an exceed-
ingly accurate instru-
ment ; but this alone is
not sufficient. We must
have the relation of B
and H, and, as part of
the total ampere-turns
applied is required for
the magnetic circuit out-
side of the sample, cer-
tain corrections must be
applied in the determin-
ation of H. It was
mainly with the object
of making these correc-
tions both small and defi-
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nite that I altered the design of the Thompson permeameter Mr. Kapp.
and made it in the form shown on the diagram. The instru-
ment consists of a heavy rectangular frame, made of the best
Lowmoor iron, well annealed. Within the frame is fixed a
solenoid with subdivided winding, so that a variable, but
known, number of turns can be placed in circuit by using
the various terminals provided on the instrument. The
object of this arrangement is to keep the current within such
limits as will ensure the greatest accuracy in its measurement,
whilst the magnetising force is varied between very wide limits.
A reversing switch is inserted to facilitate the investigation of
the complete cycle.

The sample consists of a bar accurately turned, and faced at
the lower end. The bar is kept larger at the upper end, where it
passes through a hole in the frame—a fairly tight fit—and it is
centred near the lower end by a little gun-metal ferrule. Below
the bar is a soft iron plunger, guided in a hole in the frame, and
provided with an attachment for holding a scale-pan and weights.
The plunger is made larger than the bar, and has a fine hole
drilled through it to ensure good contact over the rest of the
surface. The dimensions of the plunger and the hole in the frame
being accurately measured, it is of course quite easy to determine
by calculation how much of the ampere-turns provided is required
to overcome the resistance of the annular air space; and this is
the only important correction required. The other corrections,
such as the magnetic resistance of the frame, or that of the joint
between the sample and the frame at the top, are quite trifling.
Even the correction for the resistance of the air space is only
important for low inductions. For inductions above 10,000 it
becomes relatively small, and above 15,000 quite negligible. The
method of using the instrument is as follows:—The sample, with its
end carefully faced, is inserted from the top, and a small current
sent through the solenoid, using the smallest number of turns.
The plunger flies up against the sample and sticks there. The
scale-pan is attached, and weighted until the plunger comes off.
The exact point at which the weight overcomes the magnetic
attraction is best determined by slightly varying the current by
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Mr. Kapp. means of a rheostat; and I may mention that it is necessary to-
use a storage battery to provide the current. To work directly
from a dynamo is impossible, as the slight variation in current
produced by the irregularity in speed of the engine, or the flicking:
of a belt, is quite sufficient to make the tearing-off point uncertain.
The current, number of turns in the solenoid, and the weight are
now increased step by step, then decreased again to zero. The
current is then reversed, and the operation repeated, so as to
obtain the complete cycle. The values recorded are ampere-turns,
and tearing-off weight, in which is, of course, included the weight
of the plunger and scale-pan. The greatest weight supported by
a half-inch sample bar of good iron is about 45 lbs. I need not
detain you by giving in detail the calculations for finding the
relations between ampere-turns and H, or weight and B, nor
the values of the corrections,* since these are purely elementary
matters, and can be worked out for any testing machine of this
type if its dimensions are known. The time occupied in testing
a sample through a complete cycle is about an hour; one man
manipulating the weights, and the other the current. The latter
also books the readings.

I have used the apparatus before you in testing large numbers
of samples of cast iron, wrought iron, and mild steel submitted to
me for investigation by different iron makers, and some of the
curves obtained are on the table. For obvious reasons, I do not
mention any particular maker of magnet steel; but I may say
generally that the samples of steel submitted to me were very
good, and in some cases better than wrought iron. The good
qualities of mild steel as revealed by the testing machine were

* In the instruments exhibited, the corrections for top of sample, frame, piston,
2-37

and air resistance collectively amount to -, OOf) B ampere-turns, to be deducted

from the total ampere-turns. Thus, for B = 12,000, which would be the lowest
induction of practical importance, 28-5 ampere-turns would hav« to be deducted
from a total of about 300 ; whilst for B = 15,000 the corrections would be 35"5 to
be deducted from a total of about 1,500, and for higher inductions the correction
becomes quite negligible. If P is the tearing-off weight in pounds, B = 2,973 */P;

and if X represents the corrected ampere-turns, H = ^p?
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fully confirmed when the same material was used in dynamos and Mr KnPP-
thus tested on a large scale.

TESTING MACHINE FOR TRANSFORMER PLATES.

My first attempt to make such a machine was a failure, but, as
failures are sometimes as instructive as successes, I have placed
the machine on the table for your inspection. In this machine I
did not measure the power lost in the sample, but endeavoured to
get an approximate means for comparing the permeability of
different samples. An iron ribbon is coiled up to form a closed
ring, and this is wound on opposite sides with coils so connected
as to produce consequent poles over the two sides kept free from
winding. The sample is made up of narrow strips into a flat bar,
which is laid across the poles to form a magnetic bridge. The
sample is surrounded by a pilot coil, and this is connected with
an electrostatic voltmeter. If the same current is always sent
through the main coils, and at the same frequency, then the volts
produced by the pilot coil are supposed to give, roughly, an
indication of the comparative value of the samples. The method
was a failure, partly because permeability is not an absolutely
reliable guide in estimating hysteresis loss, but chiefly because
the uncertainty in estimating the magnetic resistance of the
joints completely swamped any small differences that might have
existed in the permeabilities of the samples. I therefore
promptly abandoned this instrument, and set to work on another
which would give directly that what we want to measure—
namely, the losses at given inductions.

This instrument is shown in Fig. 2, drawn a third of full
size. It consists essentially of a closed magnetic circuit
of rectangular shape, the two longer limbs being enclosed
in exciting coils. One long limb and the two uprights are
composed of plates in one piece; the other long limb is formed by
the sample plates, which are laid together so as to make up a
certain weight, and are then bound together with tape and inserted
through the top coil. The sample is fixed by wooden wedges.
The coils are connected with a source of alternating E.M.F. sine
function through a wattmeter, and the instrument is thus ready
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Mr. Kapp. for use without further preparation beyond making up a bundle
of plates into a sample bar and inserting the latter. The

a

F I G . 2.
Scale—4 inches to the foot.

instrument is calibrated once for all by making the sample and
the fixed part, or yoke, of the magnetic circuit out of the same
quality of plates, measuring the loss of power at different
inductions, and apportioning the losses between the yoke and
sample according to their weights. When testing other samples
the total loss is measured by the wattmeter, and from this is
deducted that portion of the loss which is occasioned by the iron
which forms part of the instrument, the remainder being the loss
in the sample. A correction must be made for the loss of power
resulting from the ohmic resistance of the two coils, but this is
exceedingly small.. The induction is found from the E.M.F.
applied to the coils and the frequency. In order to have a wide
range of induction, and yet keep the measurements of current
and E.M.F. within the limits most convenient for the instru-
ments at hand, the coils are subdivided, and suitable terminals
are provided. The resistance of the joints between the sample
and the yoke is immaterial, as it influences only the current, but
not the power.

The upper curve in Fig. 3 shows average results obtained in
testing samples of plates furnished by several different suppliers
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of transformer iron. I say advisedly " suppliers," and not makers, Mr
because iron merchants are, as a rule, disinclined to give the name
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of the maker. In fact, I have had a case in which two samples
suppliedrby rival merchants gave precisely the same curve, and on
making inquiries I found that the iron came indeed from the same
maker, but was sold under different names. The lower curve in
Fig. 3 shows the results obtained with the best sample I ever
tested. As it is not my purpose, and as it would indeed be
improper to advertise any particular maker in a paper of this
kind, I trust you will not expect me to give his name. The
curves are, for convenience in use, plotted under the supposition
that the frequency is 100. The abscissae give induction, and the
ordinates loss of power in watts per pound of iron. The thickness
of plates varied between 10 and 13 mils. Within these limits I
believe that the thickness has only a very small influence on the
loss—at any rate, I have not been able to detect any such
influence; and this confirms an admirable investigation by
Professor Ewing in which he showed, on theoretical grounds, that



208 TESTING THE MAGNETIC QUALITIES OF IRON. [Feb. 22nd.

Kapp a reduction of thickness below about 13 mils is of no
advantage. It is, of course, quite easy to test transformer
plates by taking a known weight of stampings and making them
up in a transformer with only one coil (preferably a low-pressure
coil). If the same coil be always used for this purpose, the results
will be perfectly reliable. The method is, however, tedious when
a number of samples has to be tested, as time is wasted in
building up and taking to pieces again the plates between each
set of tests. With my testing machine all the samples can be
prepared beforehand, and slipped in quickly one after another, so
that the whole series of tests can be performed under the same
conditions and by the same men. The facility with which
samples can be changed is also of value if it should be necessary
to verify any doubtful point in the curve obtained in a previous
test.

There is another and very obvious method of testing trans-
former iron, and that consists in making up a complete
transformer with the sample plates to be tested. Apart from
the waste of labour entailed if the iron should turn out bad, this
method is very uncertain. The reason for fehis uncertainty is
that we test, not the iron alone, but the complete transformer,
and we are thus left in doubt as to how much of the measured
loss is really due to the iron. Theoretically the whole loss is
due to the iron, but in practice this is seldom the case. When
testing a transformer immediately it is completed, and again
after some weeks during which it has been regularly at work,
you will find that its losses have become less. This I believe to
be due to the coils having become thoroughly dry, and their
insulation higher. A very small electrical leak in the high-
pressure winding may easily lead to a waste of power, which,
although small in itself, and not capable of doing any damage, is
still appreciable when compared with the true iron loss. Take,
for instance, a 4-kilowatt transformer wound for 2,000 volts. Its
iron loss would be about 2 per cent., or, say, 80 watts. Suppose,
on testing this transformer, you find that the loss is not 80, but
100 watts. You might then conclude that the iron has 25 per
cent, more loss than it ought to have, and you would condemn
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the sample. This might, however, be an unjust verdict. The Mr. Kapp.
extra 20 watts measured might very well be due to a general
leakage of current across the turns of the high-pressure coil.
The leakage surface is large, and the pressure is large, so that the
current-density of the leak is very small, and no damage will be
done. The leak vanishes as the transformer gets dry, and thus
may be explained the curious fact that transformers get better
after use. The moral of this is that to do justice to a trans-
former the final test should only be taken after it has been at
work for some time.

In conclusion, I wish to express my thanks to Messrs.
Johnson & Phillips for the loan of the testing machines here
exhibited.

The PRESIDENT : We have heard a very interesting paper, and, The
J & f r > J President.

as it is on magnetism, I am sure we should like to hear what
Professor Hughes has to say on the subject.

Professor D. E. HUGHES : Mr. President,—I thank you for Professor
' J Hughes.

having so kindly asked me to make a few remarks in relation to
Mr. Kapp's admirable paper; but I feel that, whilst I have had a
large experience with testing iron for the low magnetic force
used in the electro-magnets for telegraphy, I have not had any
wide experience with the very high magnetic power that is used
to-day in dynamos and transformers.

The principle of measuring the holding power of an electro-
magnet upon its armature is one that I have employed in my
printing telegraph instrument for the last 30 years. I thus
know that this method can be rendered exceedingly sensitive,
and made to record the slightest change in the magnetic state of
the electro-magnet; but at the same time I know that great
care has to be taken that the armature shall rest in contact with
the core in a perfectly invariable condition, else a great change in
the amount of force required to separate the armature is observed.

In my telegraph instrument these conditions are easily
fulfilled, but I fear that in Mr. Kapp's arrangements the armature
would with great difficulty be brought exactly in the same
condition as to contact that it had in a preceding test.

Mr. Kapp has no doubt met with this difficulty, and probably


